An attempt was made to develop a protocol for the preparation of synthetic seeds using in vitro regenerated, genetically identical bulbs of Zephyranthes grandiflora. Encapsulation was standardized with 4% sodium alginate and 1% sucrose for uniform bulb size with high conversion potential. An optimum storage temperature was found to be 4°C. Synthetic seeds were germinated in MS medium supplemented with benzyladenine (2 mg dm -3 ) and rooted in the presence of indole-3-butyric acid (1 mg dm -3 ) in MS medium. Well-rooted plants were transferred to the experimental field with 80% survival after hardening. This study elucidated an efficient technique for exchange of germplasm and ex situ conservation method.
Zephyranthes
grandiflora Lindley (family: Amaryllidaceae), a traditional Chinese medicinal herb and ornamental plant [1] , has been attributed with various pharmacological activities, namely antineoplastic, antidiabetic, and anti-HIV [2, 3] . Pancratistatin and henanthridine are two novel antineoplastic agents that have been isolated from the bulb of this plant [4] . The medicinal and ornamental properties of Z. grandiflora have increased market demand for it at both the domestic and international level. Consequently, this species is decreasing alarmingly from the wild due to unrestricted collection from natural flora. The natural propagation of the plant by bulb division is not adequately fast [5] . In our earlier study, we reported a protocol for faster production of genetically stable Z. grandiflora using the bulb as a source ex plant [6] . The main drawback of plant cell culture is its endangerment by spontaneous changes, and, therefore, continuous culture of plant cells is often undesirable and the plant material is not easily exchangeable. In this situation, synthetic seed (synseed) technology or conservation via encapsulation is a safe and cost-effective technique for conservation of germplasm and management of in vitro produced materials for biotechnological applications [7, 8] . In this context, we aimed to develop an efficient protocol for the storage of genetically identical, in vitro derived Z. grandiflora bulb for future utilization and exchange.
The synseeds formed by encapsulating small bulbs were round to slightly oblong in shape ( Figure 1a ). During conversion, encapsulated explants resumed growth at the meristematic region and emerged from the beads by rupturing the outer alginate coat when cultured in MS medium containing BAP 2.0 mg dm -3 ( Figure 1b ). Alginate concentration is critical for conversion percentage in synseeds [9] . Synseeds obtained with 4 % alginate at 4°C showed the highest conversion rate as compared with those obtained with 1, 2, 3 and 5% alginate ( Figure 2 ). Beads of uniform size and shape were obtained when 3-5% alginate was used with an average seedling rate of 60-80%. At lower concentrations, the seeding rate was significantly lower.
Softer gels are normally found to be suitable for encapsulating somatic embryos [10] , but in Z. grandiflora, bulbs could be encapsulated in 3-4% alginate without subsequent decrease in conversion rate. Alginate at 3% showed good results, but 4% showed uniform, clear, firm synseeds. Lower conversion percentages in 1-2% alginate encapsulated synseeds might be due to CaCl 2 toxicity as opposed to increased alginate concentration (3-4%), which lowers absorbance of CaCl 2 [11] . In this study, synseeds exhibited high conversion potential when 1% sucrose was added to the medium (Figure 3 ). Most synseeds lost their viability during storage, as evidenced by whitening of the green tissue of ex plants when sucrose concentration was high. It is assumed that there is an inverse correlation between sucrose concentration and conversion rate and it may be due to reduction of photosynthetic activity with high concentration of sucrose [12] . Spontaneous germination was noticed in synseeds stored at 16°C and 25°C within 10-12 days, and after 3-4 weeks of storage exhibited high conversion percentage (80%) when placed in germination medium. The encapsulated propagules incubated at 16°C and 25°C could not be stored for 5 weeks due to random conversion during storage. As a consequence of this, the conservation period of the synseeds was restricted to higher temperatures. Storage at 4°C delayed sprouting of the non-encapsulated bulbs to about a month, after which about 80% of the bulbs sprouted shoots and could not be stored further due to chilling injury to these newly emerged shoots. Approaches to growth suppression using alginate encapsulation techniques in combination with temperature reduction were performed in an attempt to develop an efficient method for germplasm conservation. Zephyranthes synseeds incubated at 4°C could be stored up to 10-12 weeks and a high percentage of conversion was obtained when taken out in conversion medium (Figure 4 ). After 3 months, a decline in conversion response was observed, which may be due to inhibited respiration of plant tissues encapsulated by alginate [13] .
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Therefore, storage at 4°C gave rise to a satisfactory conversion frequency of encapsulated Z. grandiflora bulbs. Non-encapsulated bulbs which were not transferred to MS medium containing BAP exhibited necrotic lesions and died (Figure 1c ). On germination, the bulblets were placed in MS medium supplemented with BAP (2 mg dm -3 ) for 2 weeks for shoot development, followed by a week in IBA (1 mg dm -3 ) supplemented medium for root initiation. The most important requirement for synseeds to be used for mass clonal propagation is high uniform conversion under non sterile conditions. However, in the present study, synseeds exhibited very low conversion rates if transferred directly to ex vitro conditions in comparison with those germinated in vitro. In vitro germinated bulblets after shoot initiation in BAP supplemented MS medium were rooted in IBA supplemented medium (Figure 1d ), transferred to small earthen pots containing solirite: soil mix ( Figure 1e ) and subsequently to the experimental field with 80% survival rate.
Storage of encapsulated bulbs is an attractive possibility for the conservation of Z. grandiflora. Conversion of synseeds for 3 months without loss of conversion ability at 4°C offers the possibility of using this method for ex situ germplasm conservation of this important plant species. These results are a step towards adopting techniques for synseeds of this species, which can be executed as an easy exchangeable and constant delivery system of source material during requirement. Further studies will be commenced with an aim of cryopreservation of synseeds for long term storage.
Experimental
Plant material: In vitro regenerated, genetically stable bulbs of Zephyranthes grandiflora [6] were used for encapsulation.
Preparation and conservation of synseeds:
The bulbs were suspended in autoclaved sodium alginate (Sigma, St Louis, USA). Aliquots of the solution (approximately 0.2-0.3 mL, each containing one small bulb) were taken up in a sterile Pasteur pipette and gently dropped into 150 mL, 0.1 M calcium chloride solution in a 250 mL beaker. The concentration of sodium alginate was varied from 1-5 %, w/v, to check for the optimum conversion rate. The droplets containing the explants were kept in calcium chloride solution with continuous stirring for 30 min to complete polymerization. The calcium chloride solution was then decanted and alginate beads were collected. Alginate beads were washed repeatedly with sterile distilled water to wash off excess calcium chloride and resultant synseeds were transferred to sterile filter paper in Petri dishes. Alginate and calcium chloride solutions were prepared in MS [14] supplemented with 1-3 % sucrose (to standardized optimum conversion potential). The entire process was carried out aseptically.
Encapsulated bulbs were transferred to Petri dishes containing solid ¼ MS medium and incubated at 4, 16 and 25°C for 4 months. Non-encapsulated bulbs (in vitro regenerated) were also stored under identical experimental condition. Emergence of shoots from synseeds by rupturing bead matrix was considered as conversion. To study the effect of different storage conditions on conversion, synseeds were taken out to normal culture condition i. e. MS supplemented with 2 mg dm -3 6-benzylaminopurine (BAP) and 3% sucrose at 22 ± 2°C, 18 h photoperiod, and allowed to germinate at monthly intervals.
Regrowth, hardening and acclimatization of synthetic seed-derived plantlets:
Plantlets sprouted from synseeds were separated and individual plantlet was treated with 1 mg dm -3 indole-3-butyric acid, (IBA) for root induction. Well-rooted plantlets with sufficient roots were initially transferred from a culture vessel to small plastic pots (covered with polythene sheet) with autoclaved soilrite and then in a soilrite: garden soil mixture (1:1) where they were grown for at least 2 weeks in laboratory conditions maintained at 22 ± 2°C with an 18 h photoperiod. Finally, they were maintained another 2 weeks in glass house conditions (natural temperature and light), and then transferred to the experimental field of Bose Institute, Main Campus. For ex vitro germination, synseeds (50) were sown in Petri dishes containing a horticultural grade soilrite: soil mix (1:1 v/v) supplemented with half strength MS medium under non-aseptic conditions and irrigated on alternate days. The rooted plantlets were acclimatized as above.
Data analysis:
All sets of experiments were carried out in triplicate and the data were analyzed statistically using SPSS software (10.0.5, 1999, SPSS Inc). Variability in data was expressed as the mean ± standard deviation.
